Optimized Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) pretreatment methods for determination of six polychlorinated biphenyls (PCBs) residues in fish and aquatic invertebrates samples were investigated. Large volume injection (LVI) coupled gas chromatography tandem mass spectrometry (GC-MS/MS) with selected reaction monitoring (SRM) was used to provide a very sensitive and selective means of analyzing PCBs via internal calibration. Three analytical processes were validated and compared, and the florisil Celite ® 545 pretreatment method was selected. Performance characteristics, such as linearity, limit of detection (LOD), limit of quantization (LOQ), recovery and precision (relative standard deviation, RSD) were studied. The method was applied to 233 samples obtained from local markets, which was useful and thus suggested that the method could serve as a screening model for PCB residues analysis.
Introduction
Polychlorinated biphenyls (PCBs), a heterogeneous group of substances of persistent organic pollutants (POPs), are a major hazard to human health and human-related environmental features due to its chemical stability in hydrolysis and its ability to bioaccumulate in the food chain. Current research thus gives attention to the determination of PCB residuals in raw food materials that requires the use of specific techniques as well as instrumental analysis. [1] [2] [3] In addition, data show that 90% of human exposure to PCBs comes from food, while the accumulated PCBs in the water and sediments further accumulate in aquatic organisms, and thus affect consumers. 4 With the focus on the negative effects of long-term consumption of PCBcontaminated fish on human health, recent international studies have tried to identify PCBs from the adipose tissue of fish and aquatic invertebrates to further elucidate the global distribution and ecological effects of PCBs. [2] [3] [4] By measuring the levels of PCBs in water and water rich-fish tissues, to a certain extent, we can understand the growing problem of water pollution, and thus shed some light on the aquatic food safety crises. Today, detection methods for PCBs and similar compounds of organochlorine pesticides (OCPs) are based on solid phase extraction, accelerated solvent extraction (ASE), gel permeation chromatography (GPC), microwaveassisted extraction, solid phase microextraction, ultrasonic solvent extraction, open column filled with silica, or selective pressurized liquid extraction to further purify the concentrates from water samples, fruits, vegetables, sediments, fish tissue and shrimps. They are determined by using a high-performance liquid chromatography (HPLC) or capillary gas chromatography coupled with tandem mass spectrometry with selected reaction monitoring detection (GC-MS/MS-SRM) or electron capture detector (ECD). Aiming at improving the fish and aquatic invertebrates sample pretreatment process, a series of sample preparation techniques are carried out, which were developed by modifying the Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) method published in 2003. [5] [6] [7] [8] [9] [10] [11] To overcome the limitation of the QuEChERS method, dispersive solid phase extraction (d-SPE) methods were strongly recommended and widely accepted, and were applied to the detection of PCBs, OCPs or other POPs organic compound multi-residues in animal origin foods, as well as fish and even water samples, shown as Table 1 .
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The analytical considerations for optimizing sorbent-based d-SPE methods became popular among the world scientists, and florisil seemed the best choice for the purification and concentration of the PCBs and OCPs from the food sources. 4, [12] [13] [14] [15] In addition, GPC, ASE, soxhlet, ultrasonic extraction and single-drop were also used to promote extraction efficiency from fish several years ago. 4, 10, 14, [16] [17] [18] [19] Moreover, researchers have focused on simplified and rapid determination of PCBs, such as by using screening, programmable temperature vaporization-large volume injection (PTV-LVI) or high throughput methods. Most literature have focused on six PCBs (IUPAC Nos. 28, 52, 101, 2017 © The Japan Society for Analytical Chemistry † To whom correspondence should be addressed.138, 153, and 180), shown as Table 1 . The method developed in this paper was based on the use of PTV-LVI-GC-MS/MS and proper pretreatment conditions to screen 233 samples obtained from Shanghai aquatic markets over the past 3 years, which was suitable for the detection of six PCBs from aquatic matrices and yielded good results.
Experimental

Reagents and chemicals
Standard solutions were purchased from AccuStandard, Inc. (New Haven, CT, USA), and stored at -20 C. Acetonitrile (ACN), n-hexane (HEX), dichloromethane (DCM) were obtained from Fisher Scientific (Pittsburgh, PA, USA), and were HPLC-grade. Reagent grade anhydrous sodium chloride (NaCl) and magnesium sulfate (anh. MgSO4) were purchased from Nanjing Chemical Reagent (Nanjing, China). Adsorbents primary-secondary amine (PSA, 40 -60 μm) was obtained from Varian (Harbor City, CA, USA) and HPLC-grade diatomaceous earth Extrelut 20 material and filter agent florisil Celite ® 545 were from Merck (Darmstadt, Germany). The selected 233 fish and aquatic invertebrate products were purchased from four major Shanghai aquatic markets, and included marine and freshwater aquaculture products like finfish, molluscs, crustaceans, and echinoderms sourced from aquaculture, mariculture, and fish farms.
Apparatus
PTV-LVI-GC-MS/MS (Thermo Fisher Scientific, USA) fitted with TG-5 column (30 m × 0.25 mm, 0.25 μm) was used. The GC conditions were 60 C for 1 min, 20 C/min to 300 C, held for 5 min; helium flow 1.0 mL/min, inlet temperature 50 C, injection volume 5 μL; the split flow rate 50 mL/min for 0.05 min at 5 kPa and the inlet was ballistically heated up to 250 C at 14.5 C/s and held for 1 min followed with 300 C for 10 min at 20 mL/min. The MS conditions used the default and the parent ion and secondary ion mass spectrometry acquisition parameters of six PCBs and internal standard (IS) are shown in Table 2 . Working solutions (0.1 -7.5 ng/mL) were prepared daily by diluting combined stock solutions with ethyl acetate and stored in the dark at 4 C, and the IS of p-terphenyl were spiked with 100 ng kg -1 . 
Procedure
The edible parts of fish and aquatic invertebrates were cut and homogenized. Samples of 2.5 g were weighed into the centrifuge tubes with 10 mL DCM-HEX-ACN (1:1:3) and 1 g NaCl, then shaken vigorously for 3 min. Next, 4 g MgSO4 was added and kept in an ice-cold ultrasonic bath (40 kc/s) for 2 min, followed by centrifugation for 2 min at 3000 rpm and 4 C. Then, 2 mL supernatant was transfered to a microcentrifuge tube with 50 mg PSA and 25 mg Extrelut 20, or 25 mg Celite ® 545, vortexed for 3 min and then centrifuged at 4000 rpm for 2 min, allowed to stand for 1 min. The supernatant was then collected and concentrated to dryness and was redissolved in 1 mL HEX to analysis. Validation use matrix of Channa argus homogenate sample. Linearity, limit of detection (LOD), limit of quantization (LOQ), accuracy and precision were studied. Linearity concentration levels ranged from 40 to 3000 ng kg -1 . The LODs were determined as the concentration of analytes giving a signal-to-noise ratio (S/N) of 3 for the target ion while the LOQs were 10. The recovery and repeatability experiments were carried out on the same day, three fortification levels were 40, 100 and 1000 ng kg -1 (n = 3). To evaluate precision of the method, within-laboratory reproducibility was determined. The results were obtained at the three validation levels by different operators on three separate days.
Results and Discussion
First, mixed solvents were found be able to promote PCB extraction efficiency, similar to previous results. According to Fig. 1 , the solvent combination of DCM:HEX:ACN (1:1:3 by volume) was found to be the best and was used. In addition, differences like the matrices of soil and fruits, and 5 μL injection volume for PTV-LVI technique could not dramatically improve the PCBs response, but sharply decreased the S/N, and thus were selected.
Next, Extrelut 20 could remove the polar substance while Florisil Celite ® 545 is a high selective sorbent for purification. MgSO4 could remove the water in the matrices, and PSA could remove other interference substances such as fatty acids, pigments, and other matrix co-extractives. The optimized d-SPE protocol is shown in Fig. S1 and the results are shown in Table 3 . According to the results, Extrelut 20 resulted in the recoveries lower than 80%, which might due to the loss of analytes by over-adsorption. Florisil Celite ® 545 showed good results, which might be due to the purity and strongly polar sorbent property. As in the previous results, this supports the notion that the polar features could be very similar to PCBs found in fish tissue. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Moreover, the ice-cold condition was strongly suggested to remove the heat disturbance.
Third, the recovery ratio (%) and their variability (relative standard deviation, RSD, %) of the selected method show better performance, ranging from 75 -113% and 2 -12%, respectively, compared with previous research recovery rates of 26 -122% as shown in Table 1 .
Similar results of within-laboratory reproducibility studies for PCBs were also observed. LODs and LOQs were higher compared with previous research, rising from 0.1 -5 and 1 -144 ng/g to 3 -13 and 9 -40 ng kg -1 and the correlation coefficient was in the range of 0.9963 -0.9998. The equations for the calibration curve of six PCBs are shown in Table S1 with good linearity.
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